Historic,  archived  document 


Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


•UNITED  STATES  DEPARTME1TT  OF  AGRICULTURE 
Agricultural  Research  Administration 
Bureau  of  Plant  Industry,  Soils, 
and  Agricultural  Engineering 


H.  T.  &  S.  Office  Report  No.  260 


TRANSPORTATION  TEST  WITH  LEMONS  FROM  SOUTHERN  CALIFORNIA 

TO  NEW  YORK,  AUGUST  1951^  * 

(In  cooperation  with  the  California  Fruit  Growers  Exchange) 


By 


1352 


E.  M.  Harvey,  senior  physiologist 
E.  P.  Atrops,  assistant  physiologist 
J.  Kaufman,  assistant  pathologist 

Division  of  Handling,  Transportation,  and  Storage 
of  Horticultural  Crops,  U.  S.  Department  of 
Agriculture 

and 

J.  R.  MacRill,  Manager  Field  Service 
Department  Laboratory 

California  Fruit  Growers  Exchange 


Pomona,  California 
October  1951. 


Transportation  Test  with  Lemons  from  Southern  California 
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Introduction 

In  August  1948  a  lemon  transportation  test  was  made  to  determine  the  most 
economical  icing  service  adequate  for  hot  weather  shipments  of  leraonsi/ .  The 
test  passed  through  very  hot  weather  for  almost  the  entire  trip  to  New  York,  a 
situation  which  was  considered  to  have  greatly  enhanced  the  value  of  the  data 
secured.    These  data  contributed  considerably  to  the  store  of  information  from 
which  recommendations  have  "been  made  for  icing  services  during  the  summer 
months.    Since  making  the  test  in  1948  it  has  been  repeatedly  suggested  that 
another  similar  test  be  made  to  add  to  the  volume  of  information  on  the  per- 
formance of  certain  icing  services,  to  help  establish  the  margins  of  safety  and 
increase  confidence  in  modification  of  icing  services.    The  present  test  had 
fchs  same  purpose  as  the  earlier  one  and  was  in  general  a  repetition  of  it  but 
-.red  in  some  details. 

Test  Cars 

Fifteen  test  cars  of  warehouse-cooled  lemons  were  loaded  August  8  from 
districts  extending  from  San  Bernardino  County  to  Ventura  County.  Circum- 
stances in  relation  to  car  handling  in  such  a  wide  area  made  it  necessary  that 
the  preicing,  replenishing,  initial  icings,  and  first  reicings  be  done  at  one 
or  more  of  three  icing  stations.    It  was  therefore  impracticable  for  the  test 
personnel  to  follow  the  test  cars  and  to  supervise  all  icings  taking  place  from 
the  day  before  to  the  day  after  test  car  loadings. 

All  test  cars  were  of  the  same  series  and  equipped  with  fans  and  grates 
for  half-stage  refrigeration.    One  car  was  especially  prepared  for  modified  air 
circulation  (the  purpose  and  description  of  this  were  the  same  as  described  in 
HoT,&S.  Office  Reports  Nos.  195  and  214). 

Temperature  Records 

Tenrperatures  within  the  cars  were  obtained  by  means  of  distant- reading 
electric  resistance  thermometers  at  twelve  positions  in  one  end  of  each  car. 
The  locations  of  these  are  shown  in  tables  3-17  which  present  the  temperature 
records. 

The  outside  air  temperatures  were  obtained  by  two  Ryan  recording  ther- 
mometers attached  outside  and  underneath  one  of  the  cars.    A  graph  showing 
outside  air  temperatures  en  route  appears  on  all  charts  of  this  report.  A 
Friez  hydro thermograph  was  located  on  the  platform  of  the  business  car. 


1/    See  H.T.&S.  Office  Report  No.  195. 
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Route  and  gunning  Time. 


The  test  was  routed  via  Southern  Pacific  to  Gorsicana,  Texas;  Cotton 
Belt  to  East  St.  Louis,  111.;  Nickle  Plate  to  Lima,  Ohio;  and  Erie  to  Jersey 
City.     Tne  total  elapsed  time  en  route  was  lol  hours  and  k$  minutes.     Of  this 
107  hours  and  15  minutes  (66.U$>)  was  running  time  and  5^  hours  and  30  minutes 
(33*6^)  standing. 

Weather  Conditions. 

•  The  outside  temperatures  encountered  were  high  enougn  to  "be  very 
satisfactory  for  tne  purpose  of  the  test.     The  maxima  for  the  first  six  days 
en  route  were  95 or  above.     Tne  highest  temperature  recorded  was  113°  and 
.    -   lowest  5S°«     The  average  for  the  entire  trip  was  8^.5°*  obtained  from 
readings  taken  at  two-hour  interval s. 

Condition  of  tne  Test  Fruit  at  Destination. 

No  decay  was  reported  for  any  test  load.     In  twelve  cars  the  fruit  was 
described  as  firm  and  fresh,   two  ware  reported  as  having  some  soft  fruit, 
and  one  as  having  considerable  soft  fruit.     The  latter  car  received  naif-stage 
standard  refrigeration  and  consequently  was  one  of  the  colder  loads  in  the 
test. 

Prom  the  appearance  of  the  fruit  at  destination  and  the  records  of 
carrying  temperatures  it  appears  tnat  all  icing  services  used  in  the  test 
were  adequate. 

Notes  on  tne  Icing  Services  Used. 

a  summary  of  loading  data  and  icing  services  are  presented  in  tables 
1  and  2. 

1.  Car  J  (figure  10,  table  13)  Pull  Bunker  (or  PB)  -  Preiced  -  re- 
plenished -  Dc  not  reice.     Ordinarily  this  service  would  be  paired  with 
Half-stage  (^Sy  -  Preiced  -  replenished  and  one  reicing,  a  closely  correspond- 
ing service  in  performance  and  cost,  but  which  was  not  used  in  this  test.  Pre- 
vious comparisons  of  these  two  services  in  fan  cars  (fans  on)  have  snown  full 
bunker  icing  to  be  sligntly  superior  in  performance  to  half-stage  icing,  but 

in  non-fan  cars  or  fans  inoperative  the  reverse  has  been  true.     Neither  service 
is  recommended  for  mid-summer  lemon  shipments  to  the  east  coast,  although  both 
proved  adequate  to  New  York  in  the  severe  hot-weather  transportation  test  of 
August  I9U80     Tne  service  received  by  car  J  again  seemed  adequate  but  it  was 
introduced  into  the  present  test  as  tne  service  with  the  least  amount  of  re- 
frigeration one  would  be  likely  to  choose. 

2.  The  comparison  of  early  and  late  reicings  in  transit  was  intended  to 
be  allowed  with  three  different  pairs  of  cars  as  follows: 

a.     Cars  K  and  L  (figures  11  and  12,  tables  lU  and  15).     Both  PB  - 
Preiced  -  replenished  -  one  reicing  in  transit  and  same  loading  point,  reiced 
at  Tucson,  Ariz,  and  Del  Rio,  Texas,   respectively.     Some  advantage  of  later 
icing  (Del  Rio)  is  shown  by  the  temperature  records  but  not  so  mucn  as  has  been 
experienced  in  other  tests. 


"bo     Cars  H  and  E  (figures  8  and  5,  tables  ii   and  8) .    Both  EB  - 
Dry  car  loaded  -.  initially  iced  after  loading  -  one  reicing  in  transit; 
car  H.  .      %j     dh  and  car  Pine  Bluff,  Ark.    No  advantage  in  the  later 

icing  (Pine  Bluff)  is  shown.     Car  E  should  have  "been  reiced  at  Del  Rio  or 
Kearne  "but  this  car  was  also  paired  with  or  the  control  for  car  F  (figure  6, 
table  9)  which  had  modified  air  circulation.     It  had  been  agreed  that  cars 
E  and  F  would  be  reiced  at  the  same  station  but  the  modified  air  circulation 
so  reduced  the  rate  of  ice  meltage  in  car  F  that  re-icing  was  delayed  to  Pine 
Bluff.     The  value  of  the  comparisons  of  cars  H,  E,  and  P  is  further  impaired 
by  the  early  operative  failure  of  both  fans  in  car  H  due  to  broken  and  jammed 
belts  which  could  not  be  replaced  until  El  Paso.    Also  the  performance  of  car 
E  seemed  definitely  abnormal  in  respect  to  ice  meltage,  load  temperatures, 
calculated  ice  duty,  and  comparisons  with  the  general  performance  of  the 
other  cars  in  the  test,  indicating  that  it  needs  a  thorough  inspection  of  in- 
sulation or  other  structural  elements. 

c.  Cars  E  and  A  (figures  11  and  1,  tables  lh  and  h)  may  be  com- 
pared about  as  cars  K  and  L,  since  they  received  the  same  icing  service  and 
were  reiced  late,  the  latter  at  Pine  Bluff,  Ark.,  instead  of  Del  Bio,  Texas. 

3,     The  icing  service  of  car  0  (figure  155  table  IS) ,  FB  -  Preiced  - 
replenished  -  two  reicings  in  transit  is  not  recommended  for  lemons  as  it  is 
considered  unnecessary  to  provide  this  much  refrigeration  for  most  direct 
shipments.    However,  when  so  complete  a  service  seems  needed  it  is  provided 
by  half-stage  standard  refrigeration,  either  precied  or  dry  car  loaded. 
These  half-stage  services  are  represented  in  this  test  by  cars  D  and  N 
(figures  4  and  14,  tables  7  and  17N»    A  comparison  is  thus  allowed  not  only 
between  the  two  standard  refrigeration  services  but  also  the  performance  of 
these  with  that  of  car  0  above „ 

4„    Cars  B  and  G  (figures  2  and  7,  tables  5  andlQ)  were  especially 
intended  for  comparison  of  icing  and  car  handling  from  two  widely  separated 
loading  points.    However,  and  unfortunate  but  necessary  late  change  of  load- 
ing point  sent  car  G  from  eastern  Los  Angeles  County  to  Ventura  County  along 
with  car  B,  but  to  different  initial  icing  stations,.    As  it  happened,  car  G 
was  iced  fifteen  hours  before  car  B« 

5o    Cars  I  and  M  (figures  9  and  13,  tables  12  and  16)  were  also 
intended  to  allow  comparison  between  widely  separated  loading  points.  Both 
were  ES  -  Preiced  -  replenished  -  two  reicings  in  transit,  El  Paso  and  Pine 
Bluff.     These  cars  were  preiced  at  different  stations  but  at  about  the  same 
hour.    Through  the  difference  in  car  handling  after  loading,  car  I  was  re- 
plenish: d  seventeen  hours  after  car  M. 

6.    Car  B  was  intended  also  to  be  paired  with  car  C  (figure  3,  table  6). 
Both  HS  -  Initially  iced  and  loaded  in  the  same  community  but  ear  B  to  re- 
ceive an  earlier  reicing— at  Tucson  instead  of  El  Paso.    The  later  icing  of 
car  C  (at  El  Paso)  seemed  to  show  some  advantage. 

There  were  three  unfortunate  incidents  in  the  test;  namely,  the  oper- 
ational failure  of  fans  in  car  H;  the  ver«y  poor  performance  of  car  E;  and  the 
necessary  change  of  loading  place  for  car  G.    But  the  overall  results  of  the 
test  definitely  corroborate  those  of  the  corresponding  August  1948  test* 


It  can  again  "be  stated  that  mid-summer  shipments  directly  to  markets 
have  "been  refrigerated  more  than  necessary  and  that  the  modified  refrigera- 
tion recommendation  of  the  last  two  years  are  well  founded. 

To  recall  what  some  of  these  recommendations  are  it  will  he  well  to 
quote  from  California  Fruit  Growers  Exchange  Field  Service  Department  Cir- 
cular No.  810,  issued  May  29,  1951,  entitled,  "Refrigeration  of  Lemons  in 
Transit  during  Summer  Months". 

"Shippers  will  readily  understand  that  it  is  impossible  to  make 
suggestions  covering  all  situations.     The  demands  of  auction  and  private  sales 
differ.    Private  sale  "buyers  like  to  see  a  large  volume  of  ice  in  the  hunker, 
while  the  auction  "buyers  are  not  concerned  since  they  "buy  from  the  auction 
floor  and  do  not  store  the  fruit  for  several  days  in  the  refrigerator  car. 
There  is  a  tendency  to  hold  fruit  in  cars  longer  in  private  sale  than  in 
auction  markets  and,  of  course,   there  is  always  the  prohlem  of  diversions 
to  other  markets.     This  should  he  home  in  mind  when  selecting  an  adequate 
icing  service.     Shippers  should  also  calculate  date  of  arrival  and  make 
allowances  for  cars  arriving  on  week-ends  or  holidays.    The  heat  load  in  a  car- 
load of  warm  fruit  is  high  and  accounts  for  the  greater  meltage  of  ice  the 
first  four  or  five  days  in  transit.    After  the  initial  heat  has  been  removed, 
the  purpose  of  the  ice  is  to  hold  the  temperature  down  by  compensating  for 
heat  leakage  and  the  heat, of  respiration. 

"The  exact  refrigeration  instructions  to  be  used  will  depend  upon 
fruit  temperature  at  time  of  loading,  distance  to  market,  transit  temperatures 
and  quality  of  fruit.    However,  it  is  strongly  recommended  that  preiced  cars  be 
used  during  hot  weather  in  all  situations.    These  provide  a  cool  car  for  load- 
ing and  prevent  the  fruit  from  warming  up.     If  dry  cars  are  used  during  the 
summer,  the  fruit  is  likely  to  be  warm  before  reaching  the  first  icing  station. 
Then,  on  account  of  the  eight-wide,  solid  loads,  it  will  take  from  48  to  72 
hours  to  bring  the  temperature  of  the  load  down  to  a  safe  carrying  temperature. 
In  the  meantime,  decay  may  start,  will  appear  in  the  market,  and  may  cause  a 
rejection  or  discount  at  time  of  sale.    Experience,  therefore,  indicates  that 
preiced  cars  are  most  desirable  in  the  refrigeration  program  unless  shippers 
are  very  close  to  initial  icing  stations. 

"The  following  suggestions  are  offered  to  assist  shippers  in  selecting 
the  proper  refrigeration  service  and  are  calculated  for  cars  having  bunker 
capacities  of  10,500  pounds  or  more*    Shippers  are  cautioned  that  some  of  the 
refrigerator  cars  have  bunker  capacities  much  lower.     This  should  be  taken 
into  account  in  selecting  a  refrigeration  service. 

"FULL  BUNKER  REFRIGERATION 

"PREICED  CAR,  REPLENISH  (Recommended) 

"Fruit  temperature  at  loading  time  60°  to  65°F.    Meltage  l/2  to  3/4  ton 

per  day. 

"If  6  -  7  days  en  route,   8 DO  NOT  REICE 1 . 


"If  8  -  11  days  en  route,   ' REICE  ONCE  IN  TRANSIT'. 
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" INITIALLY  ICED  BY  CaRRIER    (Not  recommended  during  extreme  hot  weather  in  Cal- 
ifornia if  preiced  cars  are  available. ) 

"Fruit  temperature  at  loading  time  60°  to  65°F.    Approximate  meltage  l/2 

to  3/4  ton  per  day. 
"If  5  to  6  days  en  route,   'DO  NOT  REICE 1 . 

"If  7  to  11  days  en  route,   'REICE  ONCE  IN  TRANSIT* . 

" INITIALLY  ICED  BY  SHIPPER 

"Fruit  temperature  at  loading  time  60°  to  65°F.    Approximate  meltage  l/2 

to  3/4  ton  per  day. 
"If  5  to  6  days  en  route,   "DO  NOT  REICE 1 . 

"If  7  to  11  days  en  route,    'REICE  ONCE  IN  TRANS IT'. 

a REICIHG  TWICE  IN  TRANSIT    ( Not  necessary  on  direct  hillings . ) 

"Based  upon  actual  tests,  cars  with  full  hunkers,  preiced,  replenished 
and  reiced  once  in  transit,  carry,  on  direct  shipments  to  the  East  Coast,  in 
good  condition.    Any  report  to  the  contrary  is  not  the  result  of  an  error  in 
selecting  the  proper  icing  rule.    Shippers  will  save  money  "by  carefully  watch- 
ing the  transit  temperatures  and  using  an  economical  icing  service  which 
carries  through  without  excessive  use  of  ice.    When  r.nd  if  it  "becomes  necessary 
to  use  two  reicings  in  transit,  use  'Half-Stage  Refrigeration  Service,  Standard 
Refrigeration, 1  which  is  approximately  the  same  cost  as  two  reicings  in  transit 
with  full  "bunker  ice.    Full  "bunker  icing,  'Standard  Refrigeration'  is  not 
necessary  at  any  time  and  the  cost  is  considerably  more  than  the  'Half-Stage 
Refrigeration  Service,  Standard  Refrigeration.' 

"Shippers  to  private  sale  markets  must  he  guided  hy  private  sale  de- 
mands, possible  diversions  and  length  of  time  in  transit." 

In  excerpt  as  noted  above  half-stage  refrigeration  is  not  recommended 
for  distant  shipment  of  lemons  during  hot  weather. 
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TABLE  3 

List  of  Test  Cars  with  Icing  Services  and  Average  Fruit  Temperatures 
Arranged  in  the  Order  of  the  Transit  Temperature  Attained* 

All  fans  in  operation  except  car  H,  on  which  fans  were  inoperative  to 
El  Paso. 

FRUIT  TEMPERA TUBE 

Car  At  Average  Transit 

No.  Icing  Service  Load-  Total 

 ing.  Top     Bot  Avg.* 

°JF.  °F.      °F.  °F. 

* 


D 

HS 

PI-Eepl-Std.  Refrigeration 

59.6 

40.5 

41.5 

41.0 

0 

FB 

PI-Repl-Two  RI,  El  Paso  and  Marion 

59.8 

41.5 

42.7 

42.0 

A 

11 

PI-Repl-One  RI,  Pine  Bluff 

60.2 

43.8 

43.4 

43.5 

L 

FB 

PI-Repl-One  RI,  Del  Rio 

60.9 

44.1 

45.3 

44.5 

-r 

I 

HS 

PI-Repl-Two  RI,  El  Paso  and  Pine  Bluff 

58.9 

44.6 

45  o  2 

45.0 

C 

II-Two  RI,  El  Paso  and  Pine  Bluff 

60.5 

44.5 

45.9 

45.5 

H 

II-0ne  RI,  Tucson 

63.5 

46.2 

44.3 

45.5 

N 

HS 

II~Std.  Refrigeration 

67.5 

45.5 

45.1 

45.5 

G 

HS 

II-Two  RI,  Tucson  and  Pine  Bluff 

61.7 

45.9 

45.8 

46.0 

E 

H 

II-0ne  RI,  Pine  Bluff 

64.0 

46.0 

47.1 

46.5 

1 

FB 

PI-Repl-One  RI,  Tucson 

63.3 

47.2 

46.2 

46.5 

B 

HS 

II-Two  RI,  Tucson  and  Pine  Bluff 

59.2 

47.1 

47.9 

47.5 

J 

FB 

PI-Repl-DHR 

57.4 

48.8 

48.4 

48.5 

M 

HS 

PI-Repl-TwoRI ,  El  Paso  and  Pine  Bluff 

64.6 

49.1 

50.0 

49.5 

F 

FB 

II-0ne  RI,  Pine  Bluff-Modified  Circulation 

64.4 

51.8 

52.0 

52.0 

Figure  shown  at  nearest  half-degree. 
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